Japanese medaka (Oryzias latipes) were used to evaluate the carcinogenicity of a complex groundwater that contained 5 U.S. Environmental Protection Agency priority pollutant heavy metals and 13 chlorinated aliphatic hydrocarbons. A test protocol that used 10 mg/L diethylnitrosamine (DEN) prior to groundwater exposure was designed to assess both initiation and promotion. The fish were exposed continuously for 9 mo with 0, 1, 5, or 25% groundwater, by volume, with either West Branch of Canal Creek water (Aberdeen Proving Ground-Edgewood Area, Aberdeen Proving Ground, MD) or dechlorinated tap water as the diluent, while concurrent controls were run in the laboratory. Incidental findings included various neoplasms in the nares, ovary, skeletal muscle, skin, swim bladder, testis, thymus, and thyroid. Factors evaluated during statistical analyses of fish neoplasm prevalence included diluent type, groundwater percentage, fish gender, and DEN initiation. Liver neoplasm prevalence was higher in DEN-initiated fish and was frequently higher in males. Concentrations of up to 25% groundwater, by volume, showed no evidence of being a complete carcinogen and showed no consistent, conclusive evidence of being a promoter.
INTRODUCTION
A number of studies have shown that certain classes of anthropogenic chemicals present in the environment may cause histopathological changes in fish. Changes in most feral fish have been attributed to contaminants that are found primarily in industrial urban sediments (26) . Several pathological conditions associated with contaminants occur in virtually all organs and tissues of fish populations that are associated with highly contaminated sediments (3) . Of the affected organs, the liver is the most common site at which neoplasms have been found (18) . Although cause-and-effect relationships for environmental samples can be difficult to establish because of the presence of many different compounds in some contaminated areas, positive correlations have been found between the prevalence of liver neoplasms and sedimentassociated aromatic hydrocarbons and organohalogens (14) . High concentrations of heavy metals in sediments are believed to cause hepatic neoplasms in indigenous bottom-dwelling fish (3) .
Recently, concern has been expressed about volatile Canal Creek, Aberdeen Proving Ground, Edgewood Area, Aberdeen Proving Ground, MD. halogenated hydrocarbons, because these compounds are often found in groundwater originating from industrial wastewaters and waters that have been chlorinated (31) . Few studies have addressed the possible carcinogenicity of short-chain organohalogens to aquatic organisms, mainly because of the volatility and metabolic lability of the compounds (30) . Some volatile organohalogens (e.g., ethylene dibromide and vinylidene chloride) have been shown to be carcinogenic to fish in aqueous-phase laboratory studies (16, 17) . Little information is available on the possible binary combination effects (i.e., synergistic, additive, and/or antagonistic effects) or promoting activity of volatile organohalogens with respect to fish or to TABLE IIL-Summary of five bimonthly chemical analyses (range of concentrations in (JLg/L) conducted on selected groundwater treatments. a Compound detected in one of five samples. b Not detected. C Below detection limit. humans (1, 32) . As is the case for volatile organohalogens, little carcinogenic information is available about the possible binary effects of heavy metals or about the possible interactions of heavy metals and volatile organohalogens.
The current study was initiated in order to examine the histopathological changes that occur in fish exposed to a complex groundwater mixture of both heavy metals and chlorinated aliphatic hydrocarbons. The groundwater, which discharges to a tidally influenced creek (West Branch of Canal Creek [WBCC], Aberdeen Proving Ground-Edgewood Area, Aberdeen Proving Ground, MD), is contaminated with heavy metals and solvents that were produced during munitions manufacturing and packing activities that took place on the base from 1918 through World War II (5, 23, 27, 29) . The Japanese medaka (Oryzias latipes), which has been used in both laboratory and on-site field testing of environmental contaminants, was used as the small fish carcinogenicity study model (8, 9, 10, 15, 25) .
MATERIALS AND METHODS
Test fish were reared from in-house culture stocks of medaka in accordance with U.S. Army Center for Environmental Health Research Center (USACEHR) Standing Operating Procedures. Eighty fry per replicate were randomized to 36 replicate aquaria when the fish were 1 day old. Juvenile fish (13 days old) were exposed to an initiating dose (10 mg/L) of diethylnitrosamine (DEN) or control water for 48 hr under static conditions at 25 ± 1°C. Chemical analysis at To and T48 confirmed that the 10 mg/L DEN concentration remained constant throughout the exposure. DEN of 99.849% purity was obtained from Sigma Chemical Company (St. Louis, MO). After the static exposure, fish were fed and placed in clean water in flow-through aquaria (100 ml/min) for rinsing (approximately 24 hr).
When the fish were 16 days old, all but 4 replicates were transported to the test site at WBCC. Four control replicates were maintained on well water at USACEHR.
The on-site test fish were divided into 2 exposure systems that were supplied by proportional diluters, each system using a different dilution water (WBCC water or dechlorinated tap water), with equal numbers of DEN-dosed replicates in each treatment group of 0, 1, 5, and 25% groundwater, by volume. A summary of the experimental design is shown in Table I . Fish were held at 25 ± 2°C under a 16-8-hr light-dark cycle, with 1 feeding of live brine shrimp nauplii daily and 1 (weekend) or 2 (weekday) feedings per day of fish flake food (Zeigler Bros. Research Quality Fish Diet, Gardners, PA). The on-site test fish and control fish from USACEHR were sacrificed at 6 (20 fish per replicate) and 9 mo (all remaining fish) so that we could conduct histopathological examinations. At 147 days of groundwater exposure, the WBCC water supply line froze; thus, the WBCC-water diluent fish were switched to dechlorinated tap water (test diluent water) for the remainder of their groundwater exposure (272 days of total groundwater exposure). Because of the severity of the winter and a continued lack of water in the creek, the diluent change from WBCC to dechlorinated tap water continued throughout the remainder of the test.
Water-quality parameters were monitored throughout the 9-mo exposure according to the following specifications : water temperature (daily), dissolved oxygen (daily at WBCC, weekly in lab), alkalinity (weekly), hardness (weekly), pH (daily at WBCC, weekly in lab), total and un-ionized ammonia (weekly at WBCC, monthly in lab), and conductivity (weekly). Fewer measurements were made in the lab because of the historical stability of water-quality parameters. Undiluted samples of groundwater, WBCC water, and potable dechlorinated tap water were sent to a commercial laboratory for comprehensive chemical analyses at 5 time points, which were approximately 2 mo apart, during the course of the study. Laboratory well water at Fort Detrick (Maryland) received a comprehensive chemical analysis once during the course of the study. Analytes monitored included priority pollutant base neutrals, organophosphorus pesticides, chlorinated pesticides, herbicides, heavy metals, munitions, volatile organics, and priority pollutant acid extractables.
Fish were euthanatized at 6 and 9 mo with an overdose of MS-222 (Sigma). Gross lesions in the fish were noted during measurement of length and weight. All fish were fixed by flushing the abdominal cavity and gills with Bouin's fixative; this step was followed by immersion of the fish in the fixative for 48 hr. Two successive 24-hr a This fish also had a hepatocellular adenoma. b One of these fish also had a hepatocellular carcinoma. c One of these fish died early. d Two of these fish died early. rinses in 70% ethyl alcohol followed by storage in 10% formalin completed the fish fixation procedure that was performed prior to histopathology. After routine processing on an automatic Tissue Tek VIP processor and embedding in paraffin, the fish were sampled by cutting 5 step sections through the whole fish in a longitudinal plane, except when the location of a lesion necessitated an alternate method of sectioning. Sections were stained with hematoxylin and eosin. the arithmetic scale for presentation as proportions (33) . SAS PROC GLM (SAS Institute, Cary, NC) computer software was used for these analyses. SAS PROC GLM is a procedure that uses the method of least squares to fit GLMs.
RESULTS

Water-Quality Results
The range of each general water-quality parameter during the 9-mo exposure is shown in Table II . Because of the low pH (-4) of 100% groundwater, the highest concentration of groundwater tested was 25% groundwater by volume. The range of each comprehensive chemical analysis parameter at which an analyte was detected is shown in Table III (41) . All of the LOELs are one or more orders of magnitude higher than the concentrations found in 100% groundwater. Several U.S. EPA priority pollutant heavy metals were also present in the groundwater. Copper and mercury concentrations in 100% groundwater exceeded the U.S. EPA's freshwater chronic numerical water-quality criteria for the specific metal (38, 39) . Silver exceeded the U.S. EPA's proposed freshwater chronic value (40) . Aluminum was present in high concentrations in 100% groundwater; however, the U.S. EPA has not finalized their draft numerical water-quality criteria for aluminum. Thus, it is not clear whether the concentrations seen would exceed the water-quality criteria.
Medaka Growth Analysis
Statistical analyses of growth at 9 mo by gender, DEN initiation, and diluent water showed similar trends for both length and weight (Table IV ). In general, females were longer and heavier than males (F = 80.84; p = 0.0001 and F = 60.10; p = 0.0001, respectively), DENinitiated fish were longer and heavier than fish with no DEN initiation (F = 8.19; p = 0.0001 and F = 5.91; p = 0.0272, respectively), and tap water fish were longer and heavier than WBCC-water fish (F = 12.49; p = 0.0028 and F = 12.23; p = 0.0030, respectively). With- &dquo;once of these fish died early. out considering DEN initiation, diluent, or gender, there was a relationship between increased groundwater concentration and increased length and weight (F = 5.81; p = 0.0070 and F = 9.14; p = 0.0009, respectively).
Medaka Histopathology
Since trends of prevalence and severity of effects observed in the test fish at the point of 6-mo sacrifice were similar to those at the 9-mo sacrifice, the results obtained at 9 mo are the primary results presented in this paper. The prevalence rates of neoplasms and various foci of cellular alteration in the liver for all exposure levels of groundwater are shown in Tables V (males) and VI (females) for dechlorinated tap water as diluent and in Tables VII (males) and VIII (females) for WBCC water as diluent. The prevalence rates of liver neoplasms and foci in medaka held in laboratory well water (as laboratory controls) are found in Table IX. Among DEN-initiated medaka maintained in dechlorinated tap water diluent (all treatments combined), the prevalence of at least 1 hepatocellular neoplasm for males was 30 in 135 (22%), and for females, the prevalence was 13 in 136 (10%). At 25% groundwater, by volume, in dechlorinated tap water diluent, 12 (Table V) .
Among DEN-initiated females maintained in dechlorinated tap water, 6 of 38 (16%) had hepatocellular neoplasms at the 25% (by volume) groundwater concentration level, compared with 1 of 30 (3%) in the control females. Prevalences of liver neoplasia were relatively small, however, and the differences between groups were not great (Table VI) . A representative hepatocellular ad-enoma found in a female fish exposed to 25% groundwater by volume is shown in Fig. 1 a.
Among DEN-initiated medaka held in WBCC-water diluent (all treatments combined), the prevalence of hepatocellular neoplasms was 31 of 81 (38%) in males versus 22 of 92 (24%) in females, and the prevalence was 14 of 22 (64%) in males exposed to 25% groundwater by volume. A representative hepatocellular carcinoma found in a male exposed to 25% groundwater is shown in Fig. lb . The prevalence of hepatocellular neoplasms in males exposed to 1 % groundwater (by volume) was 10 of 25 (40%), whereas prevalence of the same in 5% groundwater (by volume) was 6 of 17 (35%). The low prevalence of hepatocellular neoplasia (1 of 17; 6%) in WBCC-water diluent DEN-initiated control males may be spurious, given the prevalence of hepatocellular neoplasia in 7 of 20 (35%) fish from the same group at the 6-mo sacrifice interval. The prevalence of hepatocellular neoplasia in WBCC-water DEN-initiated females was 5 of 21 (24%) at the 25% (by volume) groundwater concentration, versus the 8 of 32 (25%) prevalence found in DEN-initiated female controls.
Foci of cellular alteration in the liver (basophilic, eosinophilic, or not otherwise specified) occurred among both male and female medaka. Liver foci that could not be classified into the well-recognized categories of basophilic, eosinophilic, or clear cell foci were identified simply as foci of cellular alteration. These nonspecific foci numbered 18 out of 185 diagnoses of foci in the study reported here. We felt that this nonspecific designation of a relatively small number of foci did not affect our interpretation of the findings.
The prevalence of foci of cellular alteration for both genders was 185 of 444 (43%) among DEN-initiated medaka, not including lab-water controls, in which this prevalence was only 2 of 74 (3%). In DEN-initiated medaka maintained in dechlorinated tap water, there were 107 (of 271; 39%) fish with foci of cellular alteration in the liver. For DEN-initiated medaka in WBCC-water diluent, this prevalence was 78 of 173 (45%) (Tables V-IX).
Neoplasms of the biliary system, 1 cholangioma and 3 cholangiocarcinomas, occurred sporadically across groundwater concentration levels. These bile-duct neoplasms, however, occurred only in groups that were initiated with DEN and appeared to occur more often in medaka in dechlorinated tap water as a diluent (3) than in medaka in WBCC water as a diluent (1) . In one of the cholangiocarcinomas that occurred in a control medaka, the neoplastic bile-duct epithelium did not form a discrete mass but rather was dispersed among clusters of what appeared to be hyperplastic hepatocytes.
Other liver changes commonly observed among the medaka were hepatocellular vacuolation, vacuolated hepatocyte foci, cystic degeneration, and hepatic cysts. The latter 3 of these lesions appeared to be more common in females than in males, but there did not seem to be a relationship between any of these lesions and exposure to groundwater. Among medaka that had dechlorinated tap water as diluent water, the cystic degeneration change in the liver was diagnosed more often in medaka that had been exposed to DEN.
A variety of neoplasms in tissue other than liver occurred sporadically throughout exposure and control groups and among males and females, but the numbers were small, and the prevalence did not appear to be attributed to exposure to groundwater or to DEN initiation. These neoplasms are listed in Table X by tissue of origin, with the total number of medaka that displayed each particular neoplasm and without regard to the exposure to groundwater or DEN or to the type of diluent water. Illustrated in Fig. 2a is the myxosarcoma that occurred in the retroperitoneal adipose tissue cranial to the swim bladder, along the midline. This mass was compressing the swim bladder and had infiltrated skeletal muscle dorsal to it. Round or spindle-shaped cells were loosely arranged in a blue-gray ground substance. Figure 2b and c illustrate the neurogenic neoplasm that occurred in the area of the nares. The mass was composed of neurons and a neurofibrillary matrix that resembled
FiG. Histologic sections of liver neoplasia in DEN-initiated and exposed medaka (9 mo) (bar size = 300 p.m) a) Adenoma in female exposed to 25% groundwater, dechlorinated tap water diluent, X36. b) Carcinoma in a male exposed to 25% groundwater, WBCC-water diluent, X36. disorganized brain tissue. Several mitotic figures were present in the mass. This nonspecific name, &dquo;neurogenic neoplasm,&dquo; was used because the mass appeared to be proliferative but did not resemble any of the recognized neoplasms of the various brain elements. Consideration was given to a diagnosis of ectopic brain tissue.
The proliferative lesions in the swim bladder, which were diagnosed as carcinoma in situ, are illustrated in Fig. 2d . The lesion is focal in the dorsal wall of the swim bladder and is characterized by a proliferation of epithelial cells in a papillary pattern. In contrast to the usual single layer of squamous cells that line the swim bladder wall in this location, these cells are cuboidal or polygonal and are piling up in several disorganized layers. There is a focal increase in the thickness of the connective tissue underlying the proliferating epithelium.
In the kidney, tubular dilatation and the presence of casts in the tubules were changes that were diagnosed more commonly among males than among females, but neither the prevalence nor the severity of these changes seemed to increase with groundwater concentration. A less-common change in the kidney was the presence of hyaline, or eosinophilic, deposits in the glomeruli (Fig.  3a ). Special stains were applied to the glomerular hyaline deposit in medaka that were sacrificed at 6 mo. Mallory's Heidenhain stain stained the deposits red and various shades of blue, thus indicating that the substance could be fibrin (which stains red) and other substances, such as mucus or amyloid (which stain blue). The periodic acid-Schiff reaction was positive. This would suggest that the material might be a mucin or a glycoprotein. We could not conduct diastase digestion to verify that the positive material was or was not glycogen because tissue was not available. The Ziehl-Neelson stain for lipofuchsin was negative. Crystal violet stain for amyloid protein was variably positive, but the congo red stain for amyloid did not exhibit the characteristic green birefringence under polarized light (to verify the presence of amyloid). The results of the special stains suggest that the hyaline substance in the glomeruli is protein in nature. Additional tests to identify the protein would be essential in order to postulate a pathogenesis Increased basophilia of thyroid tissue occurred in almost all male medaka and in a few of the female medaka that were sacrificed at 9 mo. The prevalence of this change among males did not appear to be related to groundwater exposure or to DEN initiation. The relative basophilia of thyroid tissue appeared to be sex related and occurred more frequently among males with increasing age, but the reason for this difference in tinctorial intensity between males and females is not known. There were 3 medaka in this study, 2 males and 1 female, that had a follicular cell adenoma of the thyroid. The thyroid in the medaka and in other species of fish is not a discrete encapsulated gland, as it is in mammals, but is rather a loosely arranged collection of follicles. In the medaka, thyroid tissue is found in the connective tissue just caudal to the gill chamber when the fish is sectioned in a longitudinal plane. The follicular cell adenoma illustrated in Fig. 3b is a discrete mass of small basophilic, irregularly shaped follicles, with little or no col-loid present. The follicular cells in several of the follicles are disorganized and piled up. Normal thyroid follicles, with abundant colloid and lined by a single row of cuboidal cells, are just ventral to the proliferative follicles of the adenoma.
Lymphosarcoma, usually of thymic origin, occurred sporadically among both male and female medaka, and its prevalence did not appear to increase with groundwater exposure or DEN initiation. Lymphosarcoma may be localized to the thymus or may involve a number of other tissues (by extension or through metastases). In one medaka from our study, lymphosarcoma involved nearby skeletal muscle, gills, kidney, retroperitoneal adipose tissue, and even liver (Fig. 3c) .'
A finding unique to the medaka that were exposed to WBCC water as a diluent was the presence of larval nematode parasites in a variety of tissues, such as gill, intestine, kidney, liver, mesentery, ovary, pancreas, pericardial cavity, skeletal muscle, skin, and testis (Fig. 4 ). Parasites occurred in 17 of 173 (10%) males and in 11 of 201 (5%) females (groundwater treatment groups combined). The finding of parasitic infection was not unexpected in fish exposed to a surface water. The number of parasites was minimal in any one fish, and the parasites were often, but not always, associated with a granulomatous response on the part of the host.
Frequently in long-term studies, granulomas will occur in fish in a variety of tissues. In this study, granulomas appeared to occur more commonly in dechlorinated tap water-diluent medaka than WBCC-water diluent medaka.
The prevalence of granulomas in hematopoietic tissue for males was 0-43% among 11 of 16 groups in which granulomas were reported, compared with 0-14% for females among 9 of 16 groups in which granulomas were reported. Granulomatous inflammation of the skin of the jaw occurred in 21 of 45 (47%) of the males in which granulomas were reported in hematopoietic tissue. Within the WBCC-water diluent tanks, prevalence of granulomas varied in males from 0-30% among 5 of 16 groups in which granulomas were reported and varied in females from 0-8% among 1 of 16 groups in which granulomas were reported.
Statistical Analyses of Medaka Histopathology
Statistical analyses of histopathology findings of liver neoplasia revealed evidence of statistically significant groundwater treatment effects and diluent effects and marginally nonsignificant differences between males and females for DEN-initiated fish (F = 10.12, p = 0.0033; F = 6.12, p = 0.0057; and F = 4.07, p = 0.0523, respectively). The prevalence of hepatocellular neoplasia in the liver was not statistically significant in fish exposed to groundwater that had no treatment with DEN, regardless of groundwater concentration (F = 1.37; p = 0.2502), diluent (F = 1.26; p = 0.2983), or regardless of gender (F = 2.96; p = 0.0953). Of the DEN-initiated fish, there was a significant finding of increased liver neoplasia with increased groundwater concentration for fish maintained in dechlorinated tap water (F = 6.47; p = 0.0234) and a tendency toward this relationship for fish maintained in WBCC water (F = 3.19; p = 0.0958). However, analysis by gender showed that these relationships were found for males but not for females for both diluents (tap water: F = 6.43; p = 0.0443 for males and F = 3.10; p = 0.1288 for females) (WBCC water: F = 4.85; p = 0.0698 for males and F = 0.10; p = 0.760 for females). Selected liver neoplasia-prevalence findings are presented in Table XI . _ 
DISCUSSION
Previous work at Aberdeen Proving Ground using dechlorinated tap water as the groundwater diluent showed that dechlorinated tap water was an acceptable diluent for a 9-mo fish carcinogen assay (37) . However, the real exposure at WBCC was occurring within the creek itself through groundwater intrusion (30) . Using WBCC water closely simulated the field exposure of aquatic organisms to the contaminated groundwater. Since WBCC is tidal and since its water quality changes both daily and seasonally, it was determined that 2 dilution series would be conducted: one with dechlorinated tap diluent and one with WBCC water.
The purpose of this study was to simulate as closely as possible the WBCC environmental conditions for testing with laboratory animals, which had a low rate of spontaneous neoplasms (16) . The effects of various dilutions of contaminated groundwater on medaka fish contributed to the weight of evidence used in risk assessment of the WBCC site.
Carbon tetrachloride, trichloroethene, chloroform, and bromodichloromethane are known mammalian carcinogens (11) . Both carbon tetrachloride and trichloroethene occurred in 100% groundwater at levels above their maximum contaminant levels of 5 )Jbg/L each in drinking water. Concentrations of these mammalian carcinogens in 25% groundwater (by volume) ranged from just below the maximum contaminant levels to approximately double these values, but fish liver neoplasm prevalence did not increase significantly in relation to increased groundwater concentration for any groups except DEN-initiated dechlorinated tap water-maintained males. The U.S. EPA trihalomethane (THM) maximum contaminant level (MCL) of 100 ~,gIL was exceeded by 100% groundwater (chloroform and bromodichloromethane were the only THMs detected) in 3 of the 5 analyses, but 25% groundwater (by volume) samples were well under THM MCLs (<38 J-Lg/L for dechlorinated tap water or WBCC-water diluent) on all 5 analysis days (42) . Elevated levels of copper, mercury, silver, and aluminum may contribute additively to groundwater toxicity (24) , but in groundwater concentrations of 25% by volume or less, heavy metal levels did not appear to cause fish toxicity.
The DEN-initiation/promotion protocol used in this study was developed by USACEHR (8, 9, 10) . In a previous study, in which medaka were exposed to 0, 10, or 100 mg/L DEN for 48 hr and then held in laboratory well water for 9 mo, 0 of 43 males and 1 of 25 females at the 10 mg/L DEN concentration developed a hepatocellular neoplasm (7) . Although DEN is a complete carcinogen and can cause hepatic neoplasia without the presence of a promoter chemical, this effect is observed at concentrations greater than 10 mg/L or when the duration of DEN exposure exceeds 48 hr (4, 6, 12, 19, 20, 21, 35) . Results from this study confirm previous findings that exposure to 10 mg/L of DEN for 48 hr is a neoplastic initiator, and only rarely is this exposure a complete carcinogen at this concentration. These findings are supported by the recent work of Law et al, who demonstrated that DNA adduct concentrations in medaka exposed to 10 mg/L DEN for 0-24 hr were at or only slightly higher than background level (22) .
Noting that there was a switch to tap water diluent from WBCC diluent, beginning on day 147 and extending through day 272, it is unclear whether the tendency toward a groundwater concentration effect in DEN-initiated WBCC diluent-maintained fish is related to the groundwater or to the diluents. For the sake of brevity, the 6-mo histology data were not included in this article. However, analyses of the 6-mo neoplasm data for DENinitiated fish indicated no groundwater or gender effects for either the WBCC (F = 1.15; p = 0.306 and F = 3.25; p = 0.099) or tap water (F = 2.17; p = 0.2007 and F = 1.88; p = 0.2291) diluents, respectively.
Although an inconsistent association, hyaline deposits in glomeruli often occurred in medaka that also had liver neoplasia. Hyaline-droplet accumulation in rodent kidney proximal tubules has been associated with the occurrence of histiocytic sarcoma in the same animal. In rats, the hyaline deposit is thought to occur as a result of overproduction of an endogenous protein (lysozyme) by the tumor cells and subsequent tubular uptake of the protein (13) .
The most common incidental extrahepatic neoplasm that occurred in this study was lymphosarcoma. Lymphosarcoma occurs sporadically in medaka in breeding cultures as well as in groups of medaka that are undergoing tests and is unrelated to conditions of culture or test materials (2, 28) . The incidence of lymphosarcoma in the study presented here was 1.4% (13 of 910 medaka) as compared with the incidence of 0.2%, reported by Okihiro and Hinton (28) , and the overall incidence of 0.41 %, reported by Battalora et al (2) .
The cause of lymphosarcoma in medaka is not known, but a virus (as an etiologic agent) is a possibility. Lymphosarcoma in another fish species, northern pike, has been transmitted by cell-free filtrates of tumor homogenates (43) . C-type virus particles have been found to be present in pike lesions (by electron microscopy), and reverse transcriptase activity has been demonstrated in a particulate cytoplasmic fraction of the neoplasm. These findings suggest that a retrovirus may be an etiologic agent in pike lymphosarcoma, but the virus has not been isolated in cell culture.
Granulomas seemed to occur with a higher prevalence in hematopoietic tissue, with a tendency toward a higher prevalence rate in males. Granulomatous inflammation of the skin of the jaw may have served as a point of entry, as the jaw inflammation coincided with the hematopoietic granulomas in 47% of the males. These granulomas are most often attributable to acid-fast gram-positive organisms, usually Mycobacterium spp., that are ubiquitous in aquarium water (34) . Although affected medaka in this study were not cultured for a causative organism, medaka from the USACEHR aquatic toxicology facility have been previously cultured, and Mycobacterium chelonae subsp. abscessus was indicated as the causative organism (36) . Subsequent to this study, it was observed in the USA-CEHR laboratory (H. S. Gardner, unpublished observations) that reduced cleaning frequency of fish aquaria lowered the prevalence of jaw inflammation as well as granuloma prevalence in fish. It is not known whether fouling of the glass with algae (a) works as a shield to minimize skin trauma when the fish encounter the sides of the tank; (b) acts as a visual cue to define the aquaria wall, thereby minimizing the number of encounters with the wall; (c) acts as a visual barrier to external movements ; or (d) provides a situation in which reduced particulate load in the water (from leaving the algae adhered to the glass) minimizes the opportunity for granulomapromoting bacteria to flourish.
Fish liver neoplasm prevalence in a comparable complex groundwater containing heavy metals and chlorinated aliphatic hydrocarbons was not statistically significant at 1 or 10% groundwater (by volume) (37) . Our results show a similar trend, suggesting that overall, this complex mixture of organics and heavy metals does not ini- FIG. 3.-Nonneoplastic lesions in 9-mo exposed medaka. a) Hyaline deposits in glomeruli (DEN-initiated male in 5% groundwater, dechlorinated tap water diluent), X252 (bar size = 200 [Lm). b) Follicular cell adenoma of the thyroid (no DEN initiation, male in dechlorinated tap water and 0% groundwater), X23 (bar size = 300 g,m). tiate carcinogenesis at concentrations up to 25% groundwater (by volume). While there was a relationship between increasing groundwater concentration and liver neoplasm prevalence, this relationship was found only in DEN-initiated, dechlorinated tap water-diluent medaka, specifically in males. Overall, groundwater concentrations of up to 25% (by volume) showed no evidence of being a complete carcinogen and showed no consistent, conclusive evidence of being a promoter. -Metazoan parasites found in liver tissue in 9-mo exposed medaka, WBCC-water diluent, X90 (bar size = 300 tLm). XL-Selected liver neoplasia prevalence findings in medaka in the West Branch of Canal Creek study.° F = Fisher's F (analysis of variance), df = 1; t = Student's t statistic.
** = statistically significant (a = 0.05).
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